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Winter Weather over Suez 


Mayor C. P. Woop anp Capt. G. M. BREEN, 
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HE diplomatic and military maneuvers in 
the Middle East these days focus our at- 
tention on the Suez Canal. Interest in this 
waterway goes back more than 2,000 years. 
Pharoah Necho (609 B.C.) failed in an at- 
tempt to link the Nile with the Red Sea. 
Harun-al-Rashid in the eighth century A.D. 
considered the idea of a canal across the 
Isthmus of Suez. During the French expedi- 
tion in Egypt in 1798, Napoleon ordered his 
engineers to survey the area for the construc- 
tion of a canal. The Universal Suez Canal 
Company finally finished the channel in 1869. 
Weather in this area has had an important 
influence on human activity. In the first cen- 
tury A.D., some of the first rainfall measure- 
ments were made in Israel in support of agri- 
culture. In the Crimean War a sudden storm 
severely damaged the combined British and 
French fleets in the Black Sea and led indi- 


rectly to the establishment of national weather 
services. The Suez Canal itself has felt the 
influence of winds and currents: it has to be 
incessantly dredged, widened, and straight- 
ened. 

The climate of Suez results from the gen- 
eral circulation types of the Mediterranean 
region. The Azores high has a ridge extend- 
ing eastward from the Sahara Desert over 
Egypt and results in a northerly flow over all 
of the country except the northern coast. 
The Mediterranean low-pressure cell located 
between the Azores high and the Siberian 
high offers an unrestricted path for winter 
cyclones to traverse, causing variable circu- 
lation over the immediate Mediterranean 
coastline. 

Migrating cyclones and their associated 
frontal systems, typical of the winter season 
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EMPERATURE, 
other characteristics of the weather fluc- 
tuate on scales of time ranging from a frac- 


wind, rainfall, and 


tion of a second to millions of years. We 
know a great deal about the variations on the 
smaller time scales, but human history is not 
long enough to permit us to be very certain 
about variations with periods of, say, 10,000 
years. Fluctuations with periods of a second 
or so may be explained by “mechanical tur- 
bulence” produced by air flowing over rough 
ground. Wind gusts occurring approximately 
every minute are caused by heat convection; 
the regular diurnal variations of such things 
as temperature and wind are produced by the 
rotation of the earth. Weather changes also 
have periods of the order of a week, produced 
by cyclonic disturbances in the atmosphere 
in which the sun’s heat is translated into air 
motion through the interaction of adjacent 
hot and cold air masses. In addition, there 
are slower variations with periods of the or- 
der of 3 weeks, the causes of which are not 
so well understood; they may reflect a natu- 
ral oscillatory period of the earth’s atmos- 
phere or, possibly, a reaction to periodic 
changes in solar activity. 

Next in order of scale are the annual varia- 
tions, produced by the earth’s revolution 
about the sun. Beyond these, the existence 
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of irregular fluctuations has been suspected 
with periods of about 23, 90, 1,000, 10,000, 
250,000, 250,000,000 years, and many more. 

The main point to be made here is that 
fluctuations presumably occur in all scales of 
time, and we know that those with short pe- 
riods are not due to a single cause. It seems 
reasonable, therefore, that one should not 
necessarily attempt to explain the long-period 
fluctuations, the “climatic changes” by any 
single process. 

There are many possible causes of climatic 
change and it is difficult to disprove the im- 
portance of any single effect, because the 
arguments must necessarily be qualitative. 
Weather processes are so complicated that 
physical theory and mathematics applied to 
them can solve only problems related to an 
unrealistically simplified atmosphere. Even 
qualitative reasoning runs into difficulties: an 
increasing intensity of sunlight has been 
claimed by some scientists to produce cool- 
ing on the earth; by others warming; both 
groups support their claims by reasonable 
physical arguments. 

The most important theories of climatic 
change can be classified as: (1) Earth’s 
Crust; (2) Atmospheric; and (3) Astronomi- 
cal. The following discussion will outline 
them further, with special emphasis on the 





astronomical theories. Figure 1 summarizes 
some of the important theories. 


EaArTH’s Crust THEORIES 


The various theories involving the effects of 
changes in the earth’s crust have one thing 
in common: the changes are slow. None of 
these theories could explain easily why, within 
the last million years or so, we had four suc- 
cessive and distinct advances of glaciers, with 
warm conditions in-between. On the other 
hand, they cannot be rejected as explanations 
for the occurrence of long interglacial peri- 
ods, perhaps 250,000,000 years long, which 
are interspersed by much shorter epochs, the 
length of which is only of the order of a mil- 
lion years, during which glaciation is possible. 

Among the earth’s crust theories, we might 
mention migration of the poles, mountain 
building, and volcanism. The first of these 
theories would assume that the north pole 
has taken different positions relative to the 
earth’s crust. The main difficulty with the 
theory of polar shifts is that it would pro- 
duce glaciers in different regions at different 
times; the evidence is that at least the last 
major period of glaciation seems to have oc- 
curred simultaneously all over the earth. 

Mountain building is quite possibly of ma- 
jor importance in the production of world- 
wide ice ages on the longest time scale. Ac- 
cording to some geologists, there is an excel- 
lent correlation between the general periods 
of moutain building in the earth’s history, 
and subsequent glaciation. On the other 
hand, some geophysicists believe that some 
mountain building has occurred somewhere 
at all times. Further evidence indicates that 
mountains may have reached their present 
height as early as twelve million years ago, 
whereas the last major period of glaciation 
did not begin much more than one million 
years ago. 

The effect of mountains is twofold: first, 
east-west mountains reduce the free circula- 
tion between poles and equator, making the 
poles colder and the equator hotter. The 
cooling of the arctic regions then leads to in- 
creased glaciation, greater reflection of sun- 
light by the ice, and finally to colder climates 
throughout the world. Second, mountains are 
colder than the region near sea level and 
serve as a starting point for new glaciers. 
There is then both theoretical and empirical 


184 WEATHERWISE 





evidence that mountain building and glacia- 


tion are related; however, it is doubtful 
whether the glacial fluctuations with periods 
of 250,000 years or less can be explained in 
the same manner. 

Along with mountain building, volcanism has 
been held responsible for climatic changes: 
volcanic dust would be blown into the high 
atmosphere, where it would scatter sunlight, 
thus reducing the radiation reaching the 
earth. In favor of this theory are the major 
volcanic explosions that, in historic times, 
have reduced solar radiation to an observable 
and, recently, measurable degree. Yet, severe 
objections can be made against the theory: 
that dust would settle too quickly (within a 
few years) to produce prolonged cold spells, 
unless it was suspended at extreme heights; 
that some periods of volcanism were not fol- 
lowed by periods of glaciation and vice versa. 
Yet, many of these objections can be over- 
come by postulating the right kind of vol- 
canism at the right time; namely, explosions 
of such intensity that fine dust would be sus- 
pended in the upper atmosphere for very 
long periods. 


ATMOSPHERIC PROCESSES 


In a way, the volcanism theory can be 
classified as a theory for ice ages caused by 
atmospheric processes; other possibilities in- 
clude the effect of increased carbon dioxide 
and increased cloudiness. The former proc- 
ess, long believed quantitatively inadequate, 
has been revived only recently. Carbon di- 
oxide absorbs radiation escaping from the 
earth, and reradiates part of this energy back 
to the earth, thus keeping the earth warmer 
than it would be otherwise. However, car- 
bon dioxide is such a good absorber in a 
narrow band of the radiation spectrum, that 
neither a reduction nor an increase of the 
existing amount of carbon dioxide would 
have much effect on the temperature of the 
atmosphere. Nevertheless, it has been postu- 
lated that weathering of rocks following a 
period of mountain building will reduce the 
carbon dioxide content of the atmosphere by 
as much as 50%, resulting in a general tem- 
perature drop of 4° C, sufficient to start 
glaciation. However, the ocean contains fifty 
times as much carbon dioxide as the atmos- 
phere, and it is difficult to see why any loss 
of the gas in the atmosphere would not be 
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made up almost immediately by carbon di- 
oxide from the water. 

A further refinement of the theory is based 
on the fact that the water at the top of the 
ocean describes a circuit to the bottom and 
up again in tens of thousands of years; if, 
during an ice age, a water mass poor in car- 
bon dioxide is formed, this water mass will 
be at the surface again many years later and 
withdraw carbon dioxide from the atmos- 
phere, causing a repeated advance of the 
glaciers. In this way the minor fluctuations 
of glaciations superimposed on the major 
glacial epochs are explained. Finally, loss of 
carbon dioxide steepens the lapse rate in 
clouds, which is claimed to increase the 
amount of precipitation. Actually, the pre- 
cipitation amounts are governed not so much 
by cloud conditions, but by the nature of 
the general circulation and the amount of 
evaporation. If any lapse rates modify pre- 
cipitation amounts at all, it would be the 
lapse rates before clouds start to form. 

A variant of the theory attempts to ex- 
plain the general rise in temperature in the 
last 100 years by the increased industrial ac- 
tivity and consequently increased concentra- 
tion of carbon dioxide. Again this theory 
omits the possible storage of the additional 
carbon dioxide in the oceans. 

Clouds reflect, on the average, over 25% 
of the sun’s radiation back into space. If 
the cloudiness increased, the ground would be 





heated less. Some meteorologists believe that 
weather changes are not produced by outside 
influences, but that the earth’s atmosphere 
system is so complex that all sorts of possi- 
bilities occur more or less at random. In par- 
ticular, a period of extended cloudiness over 
the globe might be produced in the normal 
course of events. Nevertheless, one of the 
difficulties with this theory is that, once a 
greater amount of sunlight is reflected into 
space, evaporation might be reduced, which 
in turn would decrease cloudiness. Whereas 
cloudiness is certainly a factor in climatic 
changes, it is not likely to be a primary cause, 
but rather a consequence of the changes. 


VARIATIONS OF SOLAR ACTIVITY 


The astronomical theories of climatic 
changes rely either on changes of the charac- 
teristics of the sun itself, or on changes of 
the earth’s orbit about the sun. Especially, 
the first of these theories is regarded quite fa- 
vorably by many climatologists and astrono- 
mers in this country. In what way is the sun 
known to vary? The total visible radiation 
from the sun (as well as some of the near- 
infrared and near-ultraviolet portions) has 
been measured for many years. However, as 
instrumentation improved and as our knowl- 
edge of the effect of atmospheric interference 
increased, the variation of sunlight appeared 
to decrease until now it is recognized that any 
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variation of total sunlight is smaller than 
what could be reliably measured. 

Some astronomers have assumed that the 
sun may occasionally get brighter by collision 
with clouds of interstellar dust. Such col- 
lisions might occur at suitable intervals to 
explain climatic changes but this hypothesis 
seems to be quantitatively inadequate. 

However, we know that some important 
changes occur on the sun, which have pro- 
nounced effects on the upper atmosphere, 
above 200,000 feet. Especially during peri- 
ods of great sunspot activity, the upper at- 
mosphere is bombarded by small particles 
from the sun, unusual amounts of light in the 
far ultraviolet, and X-rays. We know that 
these phenomena cause disruption of radio 
communication, aurorae, and irregular changes 
in the earth’s magnetic field. But do they 
affect the weather? The difficulty is that 
only about 1/10,000 of the earth’s atmos- 
phere exists above 200,000 feet. If this part 
of the atmosphere is disturbed, it is not obvi- 
ous that the much denser air near the ground 
would be affected. Possibly, the heated up- 
per air could increase its radiation downward 
which would then give additional energy to 
the air at the lower levels. 

There exist a number of statistical results 
indicating relations between solar activity 
and weather. Unfortunately, when one looks 
long enough for statistical relationships, one is 





likely to hit some spurious ones accidentally, 
particularly if there exists no physical theory 
to indicate what kind of relation to expect. 

Nevertheless, it should be mentioned that 
apparently significant relations have been 
found among sunspots, air circulation, and 
temperature; between pressure patterns and 
index of magnetic storms (a good indicator 
of solar activity); and between sunspots and 
behavior of glaciers in Alaska. The reality 
of these relations is by no means taken for 
granted by all astronomers or meteorologists. 

Solar activity has the well-known approxi- 
mate periodicities of 11 and 23 years; peri- 
ods of the order of 90 years are also sus- 
pected, but the record is too short to be re- 
liable on this point. Whether there are any 
longer periods is not known. 

Of course, one knows something about the 
characteristics of climatic change: so, one 
can simply postulate a variation of solar ac- 
tivity which agrees with the climatic change, 
without any fear of contradiction. Actually, 
it is not known what the effect of increased 
solar activity on climatic change would be. 
There are three rival theories. The most 
naive theory postulates that temperatures will 
go up when solar activity increases. This 
effect, then, is sure to dissolve any existing 
glaciers. The other two theories contradict 


this: if the temperature increases, the effect 
will be larger at the equator than at the poles. 


Mean winter temperatures for the season, December-March, at New Haven, Connecticut, from 


1781 to 1956, with the season 1795-96 missing 


Based on data of the Connecticut Academy of Sci- 


ence and the U. S. Weather Bureau. 
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Thus, horizontal temperature differences are 
increased. This leads to increased circula- 
tion and, therefore, to increased evaporation. 
From this follows increased precipitation and 
increased formation of glaciers. Glaciers will 
reflect radiation in the Arctic, further increase 
the temperature gradient, and, therefore, ex- 
pand equatorward. The two remaining theo- 
ries then differ on whether the sun will even- 
tually become so active as to melt the pre- 
cipitated ice and snow, or whether it will 
become less active and produce less precipi- 
tation. 

Of course, it is difficult to see why solar 
activity should have been prominent in the 
last million years with a break in activity of 
60,000,000 years preceding this period. Since 
little is known concerning long-range solar be- 
havior, the sun could have been quiescent for 
60,000,000 years. On the other hand, some 
scientists eliminate this difficulty by ascribing 
the fluctuations of climate with periods of a 
million years or less to solar activity, the 
long-period interglacials of much longer dura- 
tion to lack of properly developed mountains. 


EFFECT OF ORBITAL CHANGES ON CLIMATE 


The theory of climatic changes due to 
changes in the orbit of the earth has this im- 
mediate advantage over the others: we know 
from the principles of celestial mechanics how 
the earth’s orbit has changed in the last mil- 


Seasonal snowfall for central Maine: 1812-13 to 1955-56 (1890-91 and 1891—92 missing). 
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lion years or so, due to the influence of the 
moon and the planets. There exists three 
kinds of effects, all with different periods that 
interact with one another; two of them affect 
the northern and southern hemispheres in the 
same sense, the third in opposite sense so 
that, e.g., when the northern hemisphere gets 
warmer, the southern hemisphere gets colder. 

1. The angle between the earth’s orbit and 
the earth’s equator, which is responsible for 
the seasons and is called the “obliquity of the 
ecliptic,” has changed by about 2!» The 
period of this variation is around 45,000 
years. It has the same effect on both hemi- 
spheres: when the obliquity is large, the sea- 
sons are pronounced; furthermore, the pole- 
equator contrast in winter is enhanced. 

2. The eccentricity of the earth’s orbit has 
a period of about 90,000 years, and can be- 
come as large as .05 as compared to its pres- 
ent value of .016. In that case, the difference 
in radiation received from the sun at closest 
approach from that received at greatest dis- 
tance is 20%; this is not at all negligible. 

3. At present, the closest approach of the 
earth to the sun occurs in January; in 10,000 
years it will occur in July, and in January 
again 21,000 years from now. This varia- 
tion has opposite effects in the two hemi- 
spheres; for example, now the northern hemi- 
sphere has relatively mild seasons (com- 

(Continued on page 204) 





Measure- 
ments 1812-1840 at North Turner by Joshua Whitman; 1840-1890 at Gardiner by R. H. Gardiner; 
1892-1956 at Gardiner by Weather Bureau observers. 
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The debris-filled orches- 
tra pit of the Knicker- 
bocker Theater after the 
roof collapsed during 
Washington’s greatest 
snowstorm. Photo by 
Harris & Ewing. 


The “Knickerbocker” Snowstorm 


of January 1922 at Washington, D. C. 


ConraD P. Mook, U. S. Weather Bureau Forecast Center, 
Washington National Airport, Washington, D. C. 


N the cold snowy evening of Saturday, 

28 January 1922, in Washington, D. C., 
it was “business as usual” inside the Knicker- 
bocker Theater. At the nine o’clock intermis- 
sion the orchestra was playing and the or- 
ganist, who had stepped out into the lobby, 
was having difficulty in placing a telephone 
call. Theater patrons were walking to and 
from seats from which they had just watched, 
or were about to watch, Wesley Barry star- 
ring in the movie “School Days.” Someone 
happened to glance at the ceiling and saw a 
terrible sight. The roof of the theater was 
parting. The organist in the lobby, who had 
become impatient at the telephone delay, 
heard a thundering crash inside the audi- 
torium followed by screams and much con- 
fusion. The heavy weight of snow associated 
with Washington’s greatest snowstorm had 
caused the roof to collapse. More than 100 
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people, caught under the falling concrete and 
steel, died in the disaster. The organist, who 
lived, attributed her miraculous escape to the 
delay encountered in placing a telephone call. 

The snowfall, which had begun on Friday 
afternoon, had been preceeded by several 
days of very cold weather in the Nation’s 
capital. This could be attested by the fact 
that the ice had become thick enough on 
Friday on the reflecting pool in front of the 
Lincoln Memorial to permit skating. The 
forecast in Friday’s Washington Evening 
Star read “Snow tonight and probably to- 
morrow. Low tonight about 20.” 

The surface weather map on Friday morn- 
ing, 27 January (fig. 1) shows a low pressure 
disturbance located east of the Georgia coast. 
Precipitation had spread northward to south- 
ern Virginia where it was falling as snow. A 
large anticyclone, which had remained sta- 
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tionary for the past 24 hours, was centered 
over the St. Lawrence valley. It was this 
anticyclone which was destined to furnish the 
supply of cold air necessary to maintain cold 
temperatures near the ground during the pro- 
| longed period of precipitation, thus producing 
the phenomenal snow depths. 

| By Saturday morning the coastal low had 


intensified somewhat (fig. 2) and had moved 
slowly northeastward to a position off Cape 
Hatteras, North Carolina. Snow which had 
begun in the Washington area shortly after 
1600 on the previous day had accumulated to 
a depth of 18 inches by 0800, breaking the 
record of 12 inches for 24-hour snowfall 
which had been set during the blizzard of 
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February 1899. The official forecast stated 
that snow would continue for the remainder 
of the day and probably all night. 

The belt of heavy snow, which then seemed 
centered over central Virginia, had already 
brought 20.2 inches of snow to Lynchburg. 
The onshore winds created by the interaction 
of the high pressure area to the north and the 
slowly moving coastal storm brought high 
tides to the Norfolk, Virginia, area where 
part of the business section was under water. 
Near Cape Hatteras the schooner “Blanch 
C. Pendleton” drifted helplessly toward the 
shore in heavy seas. 

In Washington the snow continued through 
Saturday, 28 January. At 1400 the depth 
had reached 25 inches, more than doubling 
the previous 24-hour record. A report by 
P. C. Day and S. P. Fergusson (1) in the 
Monthly Weather Review for January 1922 
brings out many highlights of the storm, in- 
cluding the fact that the density of the snow 
was for the most part comparatively small 
except during the last few hours of the storm 
when the temperature neared the melting 
point. The latter, more dense snow, occurred 


after 2030. 

It was at 2100 that the theater roof col- 
By this time the city was, from the 
transportation, 


lapsed. 


standpoint of isolated and 





helpless. Street cars were no longer operat- 
ing, and it was stated that nine trains were 
stalled on the tracks between Washington 
and nearby Alexandria, Virginia. 

A thorough meteorological analysis of this 
snow storm proves difficult due to the lack of 
upper air data, which in those days came only 
from a few widely spaced kite and pilot bal- 
However, in several ways, 





loon stations. 
comparing this storm as it appears on the 
sea level maps with similar charts for other 
storms which produced more than 11 inches 
of snow at Washington (see Table I for list- 
ing), certain similarities become evident. 


TABLE I 


Dates OF StorMs PropuctnG More Tuan 11 INCHES 
oF SNow AT WASHINGTON, D. C., 1899-1955 


Amount of Snow 
Date (unmelted) 

1. February 12-13, 1899 * 19.0 inches 
2. February 16-18, 1900 14.0 inches 
3. December 22, 1908 11.5 inches 
4. January 27-29, 1922 28.0 inches 
5. January 29-30, 1930 11.5 inches 
6. December 17, 1932 12.0 inches 
7. January 23, 1935 11.3 inches 
8. February 7, 1936 14.4 inches 
9. March 28-29, 1942 11.5 inches 


* The storm of February 1899 is not included in 
Figure 4 since it was associated with two lows which 
moved northeastward in rapid succession. It is diffi- 
cult to separate the snow as it relates to each of 
these two disturbances on the surface weather maps. 
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Figure 4 taken from (2) shows that other 
storms of this magnitude at Washington were 
also associated with low pressure areas mov- 
ing northeastward near Cape Hatteras, North 
Carolina. 

The 1922 storm had its origin in one of 
two generalized pressure pattern types which 
have in the past half century preceded such 
storms by 12 or 24 hours. The two types, 
which are shown as composites in (2), are 
distinguished primarily by the position of 
the “high” supplying the cold air. The one 
type is similar to the 1922 storm; the other 
has the primary “high” centered just north 
of the Dakotas. 

In addition, the storm is associated with 
another feature of Washington snow storms 
which has been pointed out by Klein (2), 
namely blocking in the North Atlantic Ocean. 
In the present instance a large stationary Ice- 
landic low was present—this not only resulted 
in the stalling of the cold high pressure area 
in the St. Lawrence Valley, but had an effect 
in slowing the forward movement of the low 
pressure system along the Atlantic Coast of 
the United States. 

The report by Day and Fergusson indi- 
cates that the winds were not high during the 
time that the snow was falling so that little 
drifting occurred. The development of the 
snow-producing low was not of an explosive 


type such as is often the accompaniment of 
heavy snow storms. It was a slow and 
steady development in which the area of 
heaviest precipitation northwest of the low 
beneath the overrunning moist air remained 
cold enough at low levels to permit the pre- 
cipitation to reach the ground as snow. 
Figure 3 shows the sea level map for 0730 
EST on the morning of 29 January after the 
snow had ended at Washington, revealing how 
the low was blocked in its northward move- 
ment and forced to move eastward. Snow 
depths resulting from this storm at places 
farther north were less than those observed 
at Washington and are as follows: New York 
City 7.0 inches, Baltimore 23.2 inches, and 
Philadelphia 12.3 inches. To the south 
Raleigh, North Carolina, received 9.5 inches. 
Streets in the city of Washington continued 
to be blocked in many instances through 
Monday, the 30th, but by Tuesday a warm- 
ing trend aided those struggling to clear the 
streets by melting some of the snow. 
REFERENCES 
1. P. C. Day and S. P. Fergusson: “The Great Snow- 
storm of January 27-29, 1922 Over the At- 
lantic Coastal States,” Monthly Weather Re- 
view, Vol. 49, No. 1, January 1922, pp. 21-24. 
2. Notes on Staff Conference, Discussion of East 
Coast Snow Storms, U. S. Weather Bureau, 
Washington, D. C., October 31, 1955 (un 
published) . 
3. The Evening and Sunday Star, Washington, D. C., 
January 1922. 





Fic. 4. Tracks of storms 
producing more than 11 
inches of snow at Washing- 





ton, D. C. during period 
1899-1955. For identifica- 
tion of numbers plotted 


on tracks refer to Table I 
on opposite page. 
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Climatological Extremes 


L. H. SEAMON AND G. S. BarTLeETT, Office of Climatology, 
U.S. Weather Bureau, Washington, D. C. 


TEMPERATURE 


Highest—A temperature of 136° F ob- 
served at Azizia, Tripolitania, in northern 
Africa on 13 September 1922 is generally ac- 
cepted as the World’s highest temperature re- 
corded under standard conditions. Prior to 
this reading the record was held by Green- 
land Ranch in Death Valley, Calif., where 
134° F was recorded on 10 July 1913. 

Reports of higher temperatures than 136° F 
have been reported from time to time, but 
they cannot be accepted as official because 
details on the accuracy and exposure of the 
thermometer are usually lacking. Mr. L. M. 
Nesbit, in accounts of his journey through 
Danakil in northeastern Abyssinia published 
in The Royal Geographical Society and also 
in his book entitled ‘“Hell-Hole of Creation,” 
tells us of encountering temperatures above 
136° F day after day. Once he mentions 
temperatures of nearly 170° F and on an- 
other occasion gives the temperature as 158° 
F in the shade. Soil temperatures even higher 
than 170° F have been measured and the air 
near the ground may get almost as hot, but 
it is doubtful that such air temperatures oc- 
cur even at a height of only a few feet above 
the ground. 

Lowest—The World’s lowest temperature, 
— 90° F, was recorded in Siberia at Oimekon 
1 February 1933 and at Verkhoyansk on 5 
and 7 February 1892. However, the differ- 
ence in the two readings, a matter of tenths 
of a degree, is in favor of Oimekon. 

As in the case of the World’s record high- 
est temperature of 136° F, unofficial readings 
lower than — 90° F have also been reported. 
One of the most famous of these was that of 
Hudson Stuck’s minimum thermometer left 
at an altitude of 15,000 feet on Mount Mc- 
Kinley during the first successful ascent of 
that mountain in 1913. The thermometer, a 
reliable one graduated to — 95° F, was found 
19 years later in a slightly inclined position 
with the bulb end uppermost and the index 
down in the bulb, indicating a temperature 
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lower than — 100° F sometime during ex- 
posure. Owing to the likelihood of vibration, 
improper exposure, and the possibility of 
other events which may have affected the 
reading during the instrument’s long aban- 
donment, however, this temperature cannot 
be accepted. 

Another reading lower than — 90° F was 
reported from Russia in 1938. In that year 
press reports from Russia indicated that 
— 78° C (— 108° F) had been recorded at 
Oimekon. An inquiry brought information 
from Dr. S. V. Obruche indicating that this 
was indeed a true reading, but he gave neither 
the date nor any other details. Consequently, 
until more complete information is available 
on this record, it cannot be accepted as offi- 
cial. 

In the Western Hemisphere the lowest offi- 
cial temperature recorded was — 87° Fin 
Greenland at an altitude of 9,820 feet on 6 
December 1949. The Greenland Icecap is 
believed to be the coldest place in the North- 
ern Hemisphere, with lowest temperatures 
near —100° F. 

The lowest official temperature ever re- 
corded in Canada was — 81° F at Snag, a 
short distance from the border of Alaska, in 
Yukon Territory, on 3 February 1947. On 
the same date — 85° F was recorded at Fort 
Selkirk, but the thermometer was exposed on 
the outside wall of a building instead of in a 
standard shelter and therefore was not ac- 
cepted as official. Prior to 3 February 1947, 
the record for Canada was — 79° F held by 
Fort Good Hope. 

Alaska’s lowest official temperature, — 76° 
F, was recorded at Tanana in January 1886. 
If the cooperative station at Fort Yukon, 
which closed on 12 January 1934, had re- 
mained open two more days, a new record 
might have been established, as an airways 
observer recorded — 78° F there about 1100 
on 14 January. 

In Antarctica the lowest temperature thus 
far recorded was — 83° F on 21 and 22 July 
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1934, by the R. E. Byrd Expedition at Bol- 
ling Base (80° 8’ S, 163° 55’ W). 

The highest average annual temperature in 
the World is probably the 88° F at Lugh, 
Italian Somaliland, Africa (a 13-year rec- 
ord), and the lowest average has been esti- 
mated at — 22° F on the South Polar Icecap. 


RAINFALL 


The greatest average annual raintall (cal- 
endar year) recorded in the World is 471.68 
inches at Mt. Waialeale, Kauai, Hawaii 
(1912-1949). Perhaps the most famous spot 
in the World for heavy rainfall is Cherrapunji, 
India, which held the World’s record for 
many years. A recent check on the rainfall 
there for a 74-year period gives an average 
annual value of 450 inches. Cherrapunji, 
however, still must be credited with numer- 
ous records among which are the following: 


Greatest amount for any 12-month period 
—1,041.78 inches, from August 1860 
through July 1861. 

Greatest amount for a calendar year— 
905.12 inches in 1861. 

Greatest amount for a calendar month— 
366.14 inches in July 1861. 

Greatest amount for 5 consecutive days— 
150 inches in August 1841. 


Some other greatest average annual rain- 
fall records are: 
Canada—251.30 inches, Henderson Lake, 
B: . 
South America—342.18 inches, Buena Vista, 





Columbia. 

United States—150.73 inches, Wynoochee, 
Wash. 

Europe—182.76 inches, Crkvice, Yugo- 
slavia. 


The World’s record rainfall for 24 hours is 
45.99 inches at Baguio on the Island of 
Luzon, Philippine Islands, on 14-15 July 
1911. The 24-hour record in the United 
States is 26.12 inches at Hoegees Camp, 
California, 22-23 January 1943. In Alaska, 
the 24-hour record is 14.13 inches at Cor- 
dova, 29 December 1955. In the British 
Isles a 24-hour fall of 9.56 inches was re- 
corded at Bruton, Somerset, in southwest 
England, on 28 June 1917. 

The World’s greatest rainfall for one min- 
ute is 0.69 inch, recorded at Jefferson, Iowa, 
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on 10 July 1955. This amount was the av- 
erage rate of fall per minute during a heavy 
burst of rain lasting 1.4 minutes when 0.96 
inch fell. The heaviest 1-minute rainfall 
previously recorded was 0.65 inch at Opids 
Camp, California, on 5 April 1926. 

At Unionville, Maryland, on 4 July 1956, 
a fall of 1.23 inches in one minute (estimated ) 
(1523-1524) was recorded. This record, now 
being investigated, if not proved unreliable, 
will set a new World’s record. Two other 
falls of great intensity are worthy of men- 
tion: (1) 2.48 inches at Porto Bello, Panama, 
on 29 November 1911, all except 0.01 of an 
inch being recorded in a 3-minute period. 
(2) 12.00 inches at Holt, Missouri, in 42 
minutes on 22 June 1947, setting a World's 
record for one hour or less. 

The greatest rainfall for a calendar year 
measured in the United States was 171.83 
inches near Cougar, Washington, in 1933. 
At Coweeta, North Carolina, 145.48 inches, 
which was recorded during the period No- 
vember 1948 through October 1949, is be- 
lieved to be a record fall for a 12-month pe- 
riod in the eastern United States. The great- 
est rainfall in Alaska for a calendar year was 
269.30 inches recorded at Little Port Walter 
in 1943. 

The greatest rainfall in the United States 
during a calendar month was 71.54 inches, 
falling at Helen Mine, Calif., during January 
1909. 

Bahia Felix, Chile, just north of the Straits 
of Magellan, may be the rainiest location on 
earth, based on the average annual number of 
days with measurable rain (0.01 inch). This 
average is 325 days per year at that location. 
In 1916 it rained on all but 18 days. 

The World’s least average annual rainfall is 
0.02 inch at Arica in the northern desert of 
Chile (43-year record). Since rain occasion- 
ally does not fall at many desert stations for 
several consecutive years, the length of rec- 
ord is an important factor. At Iquique, Chile, 
no rain fell for fourteen years, yet the infre- 
quent rains there are heavy enough to average 
about 0.08 inch for a 40-year period. 

The least average annual rainfall record in 
the United States is 1.66 inches (44-year rec- 
ord through 1954) held by Greenland Ranch, 
Calif. Bagdad, Calif., holds the United States 
record for the longest dry period (no measur- 


(Continued on page 213) 
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1955. 


Natural “Diamond Dust” as observed at 2100-2200 near Schenectady, New York, on 22 December 
Photo by the author. 
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Simple Experiments in Atmospheric Physics—7 


The Production of a Diamond Dust Shower 


VINCENT J. SCHAEFER, Director of Research, 
The Munitalp Foundation, Inc. 


THE SEEDING OF SUBCOOLED GROUND Focs 


HE production of a miniature snow storm 
in a small cold chamber is an experiment 
that never fails. (See Weatherwise—April 
1955.) It is nearly as easy to produce a 
similar experiment in the natural atmosphere. 
The effect to be described is likely to be 
highly instructive and becomes a fascinating 
experience. 
Suitable conditions are most commonly 
found in regions where the temperature falls 
below freezing and local fogs occur. 
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The most spectacular effect is the forma- 
tion of “diamond dust” in a subcooled valley 


fog. Suitable conditions for producing dia- 
mond dust occur most commonly in the 


middle latitudes during the fall and winter 
months, early in the morning following a 
cloudless night. As the earth cools by radia- 
tion, it affects the air in contact with it, mak- 
ing it denser so that it slides into the low 
lands. If this cooling air contains enough 
moisture, its dew point may be reached be- 
fore sunrise. As this happens, some of the 
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water molecules in the air deposit out on the 
condensation nuclei ever present in ordinary 
air and a fog forms. 

These fog droplets ordinarily range in size 
from 10 to 200 microns diameter (25,000 
microns = 1 inch), depending on the initial 
concentration of condensation nuclei in the 
foggy air, and, if their concentration is low, 
whether or not a renewable supply of them 
flows into the area. Occasionally, when the 
air is very stable and the initial concentra- 
tion is low (as may occur in the clean air of 
a mountain valley), the fog droplets grow so 
large as to “rain” out and eventually the 
supply of nuclei in the stagnant air may be 
used up so that the air becomes supersatu- 
rated with respect to water. It is under such 
conditions that a spectacular effect occurs 
when a match is struck or an automobile en- 
gine started—the water molecules in the su- 
persaturated vapor deposit out on the newly 
formed nuclei and suddenly “fog up” the 
area. Such effects are not common, however, 
although they are similar to effects some- 
times found in the vicinity of volcanic fuma- 
roles, geysers, hot springs, and some oro- 
graphic trade wind clouds in contact with a 
mountain side. 

If the air temperature in a valley fog drops 
below 0° C (32° F), the droplets remain in 
liquid form. This happens because water 
droplets in the absence of suitable nuclei for 
ice crystal formation remain liquid and cool 
to nearly — 40° C (— 40° F) before they 
shift spontaneously to ice crystals. Ordi- 
narily the air of the free atmosphere contains 
very few ice crystal nuclei. The highest num- 
ber of such particles found experimentally 
in the free atmosphere at a temperature of 
— 20° C has not exceeded a concentration of 
10 per cubic centimeter (a cube having sides 
slightly longer than %g inch). Much more 
commonly the concentration is at least a 
thousand times smaller. Since there are from 
50—1,000 tiny water droplets per cubic centi- 
meter in foggy air and since subcooled fogs 
of the kind I refer to are rarely colder than 
— 5° C (23° F), it is not surprising that such 
fogs occur, that they are persistent, and that 
they are easily changed when ice nuclei are 
introduced into them by artificial methods. 
The best and most easily obtainable seeding 
material for affecting a subcooled ground 
fog is dry ice. This substance is commonly 
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ice cream 


local dairies or 
manufacturing plants and ordinarily costs 


available from 


from 5 to 10 cents a pound. A ten pound 
slab will persist for two or three days if 
stored in several nested corrugated cardboard 
boxes. A pound or two of dry ice fragments 
placed in a cheesecloth bag, an old nylon 
stocking, or a container made of mosquito 
netting and tied to the end of a 6-foot length 
of sash cord or heavy string comprises the 
seeding equipment. A thermometer, a note- 
book, a strong flashlight, and a color camera 
are useful additions to the experimental 
equipment. 

Equipped with a pair of outdoor boots or 
overshoes, warm clothing and a pair of gloves, 
the experimentalist sallies forth shortly after 
dawn (but before sunrise) and enters the sub- 
cooled fog. Previous knowledge of the local 
area concerning the frequency and location 
of subcooled fogs is to be recommended! A 
temperature measurement should be made in 
the foggy air, since it is likely to be colder 
than the fog-free air at slightly higher eleva- 
tions. Little trouble due to the wet bulb 
effect is likely to be encountered, if the ther- 
mometer is merely held or is hung on a con- 
venient bush or tree. During the early dawn 
period ice crystals may be readily detected 
by looking toward the flashlight beam. 

If the temperature is found to be colder 
than 0° C, the experiment will produce ice 
crystal effects; although the more spectacular 
effects occur with air temperatures colder 
than — 5° C. The dry ice container should 
be swung in a circle as the operator walks 
through the fog area. An immediate effect 
will be noted in the form of a smoky trail 
where the dry ice came in contact with the 
cold cloudy air. This “smoke” is made up 
of myriads of tiny ice crystals having a 
particle concentration thousands of times 
greater than the adjacent fog droplets. These 
particles are so small, however, that they 
initially scatter light only at the blue end of 
the visible spectrum. However, these ice par- 
ticles, unlike the fog droplets, grow very 
rapidly and quickly use up all the available 
moisture in their immediate vicinity. They 
can grow in size from submicroscopic parti- 
cles to 250 microns (0.010’) in less than a 
minute. In the region where the fog was 
seeded, extremely interesting effects become 
noticeable. The ice crystals grow into hexag- 
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onal plates, columns, or needles, depending 
on certain properties of the air which will 
not be described now. These all tend to float 
with their long axis horizontal to the ground. 
Images of trees, bushes, fence posts become 
indistinct and a peculiar diffused bluish sheen 
seems to pervade the area. By walking back 
and forth through the fog, while swinging the 
bag of dry ice, a considerable region may be 
infected with the ice germs in a very short 
time, since the crystals are carried in thin, 
sheet-like streams into the surrounding fog. 
If the initial seeding is carried out before 
sunrise, a considerable volume of air will be- 
come filled with crystals. Then, as the first 
rays of the sun begin to warm the area sur- 
rounding the fog zone, convective motions 
start and cause an expansion of the foggy 
area as it thickens and rises into previously 
clear areas. It is during this period that the 
most interesting effects are likely to be seen. 
Beautiful 22° and 46° colored halos, sun 
pillars, and sun dogs may be seen under the 
best conditions, while the local neighborhood 
is likely to be showered with diamond dust, 
the first “snowfall” of the season! The dia- 
mond dust particles are so tiny, however, 


that nothing but the optical effects occur as 
evidence of the effectiveness of the local seed- 
ing effort. 

While the use of chunks of dry ice is an 
ideal way to conduct the experiment de- 
scribed, other procedures are possible. A 
cylinder of liquid CO., such as a fire extin- 
guisher, may be used effectively. By placing 
the cylinder at a fixed place in the fog and 
“cracking” the valve, a local zone of high 
concentration of ice nuclei may be produced. 
Small cylinders of liquid CO, available from 
hardware stores and hobby shops may also be 
used for local effects. 

Since the initial effect of the dry ice seed- 
ing appears as a denser fog, care should be 
exercised that the initially seeded area is not 
in the close proximity of a heavily travelled 
highway. Once the concentration of crystals 
is diluted, the seeding effect is likely to result 
in a more rapid dissipation of the fog than 
would occur if it had not been seeded. Due 
to the small size of the “diamond dust” crys- 
tals, it is extremely difficult to make photo- 
micrographs of them. However, replicas are 
easily prepared (see Weatherwise—August 
1956) and the results are very satisfactory. 





The conversion of supercooled ground fog to snow. Left shows supercooled liquid water fog at 


0800; right pictures ice crystal fog two minutes later. 
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Photo by author with 1/10 sec. f11. 
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A Note on the Successful Identification and 
Tracking of a Tornado by Radar 


STUART G. BIGLER, Department of Oceanography and Meteorology, 


The A. & M. College of Texas 


BOUT noon on 5 April 1956, a tornado 

forecast was issued by the U. S. Weather 
Bureau Forecast Center at Kansas City. The 
area of the forecast was in central and eastern 
Texas, extending 50 miles on either side of a 
line from 60 miles NW of Austin to Shreve- 
port, Louisiana (fig. 1). College Station was 
located just to the south of this area. Be- 
cause of the close proximity, the modified 
AN/APS-2F 10-cm radar located at Texas 
A. & M. College, installed just ten months 
previously and identical to those used in the 
Texas Tornado Warning Network, was op- 
erated during the afternoon to watch for any 
approaching weather. Photographs of the 
radarscope were made with a Polaroid Land 
camera. Mr. Billy Thomas, Weather Bu- 
reau meteorologist, assisted in recording data 
during the afternoon. 

The radar was turned on at approximately 
1340 CST. A particularly intense weather 
echo was located about 60 miles west when 
observations began. A picture of the scope 
was made as routine procedure at 1347 CST 

















Fic. 1. Area of tornado forecast. 
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(fig. 2A) and a position check made to deter- 
mine echo velocity. At approximately 1400 
CST the movement was found to be from 
about 260°, at 35-40 knots. The echoes at 
this time were not sufficiently unusual to be 
considered menacing, although it was learned 
the next day that strong winds and hail had 
been reported just north of Taylor, Texas, 
which is located at azimuth 263°, 56 miles 
from the radar station. The wind and hail 
apparently occurred almost simultaneously to 
the time this picture was taken, since the 
echo appears directly over the Taylor loca- 
tion. The only reason for considering the 
echo as a producer of severe weather was its 
intensity and size in comparison to neighbor- 
ing echoes. In several previous tornadoes, 
i.e., those at Worcester, Massachusetts; 
Blackwell, Oklahoma; and Urbana, Illinois; 
it had been observed that the tornado-pro- 
ducing echo was much more intense and also 
larger than other nearby ones. 

The echoes continued to move eastward 
across the scope and by 1418 CST (fig. 2B) 
the prominent echo was located 30-35 miles 
west of the station and had developed a V- 
shape with the V opened towards the north. 
This echo shape had also occurred in the case 
of the Urbana, Illinois, tornado of 1953, but 
at a later stage in the tornado’s development. 
Therefore, Dr. A. H. Glaser of the Depart- 
ment of Oceanography and Meteorology, who 
is conducting an investigation of the surface 
effects of tornadoes for the Weather Bureau, 
was notified of the situation. At 1422 CST, 
a height determination by antenna elevation 
angle measurement established the top of the 
radar echo at 40,000 feet. Between 1438 and 
1442 CST (fig. 2C, D) the echo developed 
characteristics very similar to those of previ- 
ously observed tornadoes which led to the 
virtual conclusion that a tornado must be on 
the ground or in an advanced stage of de- 
velopment. (The characteristic cyclonic hook 
on the SW side of the echo is somewhat 
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1442 CST 4° 





i501 CST 9° 





Fic. 2. 
(A) 20 nautical miles; 


Radarscope pictures of the tornado 


masked by other close echoes in this pic- 
ture; it was more readily identifiable on the 
12” viewing scope of the radar.) 

Because of the significant nature of the ob- 
servations, Dr. M. G. H. Ligda, director of 
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543 CST o° 


Range mark interval between circular white lines 
(B) through G, and I) 10 nautical miles; (H) 5 nautical miles. 


the radar meteorology section, was called to 
the radar at this time to verify the diagnosis. 
Although no formal warning procedures had 
been established, the Bryan Police Depart- 
ment and the local radio station, KORA, were 
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called by Dr. Ligda between 1445 and 1450 
CST and were told that high winds and pos- 
sibly a tornado would strike the area be- 
tween 1510 and 1515 CST and would last 
approximately 30 minutes. Dr. D. F. Leip- 
per, Head of the Department of Oceanog- 
raphy and Meteorology, telephoned the Col- 
lege Station Consolidated Schools and the 
College authorities and gave them the same 
information. 

This was a very critical time because most 
of the local public schools are dismissed at 
about 1500 CST. The information was 
passed on immediately by the police and the 
schools were held in session until after the 
storm. 

The hook continued to develop as the echo 
approached the two cities (fig. 2E, F), but 
then lost its identity except for a small hole 
in the center of the main echo, probably 
caused by the centrifugal force of the tor- 
nado circulation removing hydrometeors from 
the center of the circulation. The open V to 
the north is very well defined in these two 
pictures. Except for one report, described 
later, there was no evidence that a tornado, 
per se, existed during the early observations. 
This is the first known observation of a 
tornado in which the hook was completely 
developed before the tornado touched the 
ground. Although this hole was approaching 
Bryan rather than College Station, the possi- 
bility of a tornado in College Station was still 
































30 3° s° 
FiG2- Fib 2F 
V/ FIG2-D ] 4° 
-— 25 | fi 
r | YA 
bed | 
we | 
u | | | 
s 20 ——}-£_+—_-+}— 
a | / \4 | 
fo} 1/ 4 
z y / 2.2° 
3 ee ppt —-— t— __F1G 2. 
° / 
= | 4 se 
i LLL - | Fig 2-H} 
- | | 
A J | | 
“ , | 
S$} $$. —___—_4j—_____4 
L | 
A | these 
é T 
20 40 60 


RANGE (NAUTICAL MILES) 
Fic. 3. Height of the center of the radar beam 
for pictures in Fig. 2. Beam thickness is indi- 
cated by the distance between the 0° line and the 
4° line. 


200 WEATHERWISE 


great, since a second funnel could have, and, 
as will be seen later, probably did, form to 
the south of Bryan. 

The elevation angles of the antenna at the 
time of the pictures indicate that the circu- 
lation extended to rather high altitudes (fig. 
3) and had very little, if any, slope. Two 
reasons reinforce this conclusion: (1) the lo- 
cation of the hole would be over the surface 
position of the damage path if the path were 
extrapolated backwards, and (2) since the 
radar integrates all signals over its beam 
width, the hole would not show if the slope 
within the beam width was greater than the 
diameter of the hole. 

The apparent width of the hole at 1449 
CST was approximately one mile, with some 
flatening of the edge on the sides normal to 
the radar beam axis. Assuming the beam 
width is accurately defined by the half power 
points, then the hole is approximately one- 
third of a mile wider on the axis normal to 
the beam than the pictures indicate. This 
would make the actual hole and circulation 
more nearly circular. 

A single report of a tornado on the ground 
approximately 20 miles west of the station 
was checked several days later. but could not 
be confirmed either by visual inspection or 
through conversation with residents in the 
area. The hooked portion of the echo passed 
over the southern section of Bryan Air Force 
Base 10.5 miles west of the radar station 
without anv funnels being reported. The 
maximum wind speed at the airbase weather 
station was 6? knots. and hail one inch in di- 
ameter was observed. 

The storm struck the two cities at approxi- 
mately 1509 CST with winds measured to 75 
knots at the Collece Airport two and one-half 
miles southwest of the campus. and 55-60 
knots on the campus itself. Hailstones with 
diameters up to one inch were also observed 
in both cities. 

The tornado was located near the center of 
the echo as evidenced bv a small circular hole 
at the tip of the arrow. The hole is not 
readily discernible in figure 2H. as a portion 
of the ground pattern is unfortunately located 
in the center of it, interfering with its obser- 
vation. The hole, approximately five times 
larger than the width of the surface damage, 
coincides in position with that of the damage. 
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The picture in figure 2H was made at about 
the time of the first surface damage. Subse- 
quent pictures taken at high and low eleva- 
tion angles during the next several minutes 
did not show any indication of this hole. 
The pictures made at high elevation angles 
have some unusual shapes which must result 
at least partly from the sharply slanted beam. 

It was not known until sometime later that 
a tornado had actually occurred because 
heavy rain reduced visibility in the direction 
of Bryan from observers at College Station. 

A survey of the surface damage revealed 
two separate paths of destruction (fig. 4). 
The least destructive of the two circulations 
first dipped down one block north of Crockett 
Elementary School and caused minor damage 
to two rooftops. From the northward path 
of movement, it may have passed directly 
over the school. Its path later joined that of 
the other tornado, which first touched the 
ground just west of Bryan; then moved east- 
northeastward at about housetop level with a 
path about 400 yards wide, and passed within 
one block of Stephen F. Austin High School 
where students were huddled in the hallways. 

Eyewitness accounts varied from one re- 
porting five funnels aloft at the same time, to 
a more conservative witnessing of one large 
amorphous cloud mass. Several observers re- 
ported seeing a small, well-defined funnel and 
a large, low-hanging amorphous cloud at the 
same time. After reconciling the reports with 
the observed damage, it seems clear that the 
observation of two tornadoes is correct. The 
relative positions of the two indicate that the 
funnel cloud caused the north-south damage 
path, and the amorphous mass caused the 
east-west path. The radar pictures show one 
circulation only, that associated with the 
large cloud mass. Most of the other, but not 
all, radar observations of tornadoes in which 
the characteristic hooked echo shape has been 
seen were associated with either a very wide 
tornado (one-half to one mile) or a low-hang- 
ing mass without definition, similar to this 
one. 

Several minutes later (fig. 2-1) with a low 
elevation angle setting, it was possible to 
identify what appeared to be a circulation 
pattern in the northernmost echo, with a 
cyclonically curved inflow at the north, and 
what appeared to be an anticyclonic shaped 
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hook on the south. This was probably a re- 
sult of an inflow into the storm rather than 
an outflow. There was no indication of any 
surface damage in this area; however, it is 
possible that the circulation was developed 
aloft and never reached the surface. 

There were no casualties as a result of this 
tornado, but the exact effectiveness of the 
radar warning cannot be accurately assessed. 
The buildings which suffered the most exten- 
sive damage were unoccupied warehouses and 
residences, and heavy rain which occurred 
with the tornado kept most people off the 
streets and safe from flying debris. The 
radar warning did keep the school children 
sheltered in the schools and almost certainly 
did prevent injuries to them. 

This is believed to be the first warning of 
a tornado based solely upon interpretation of 
the radarscope. In making this statement, 
the intention is not to take credit away from 
persons, particularly those in the Texas Tor- 
nado Warning Network, who have _ issued 
warnings based upon relayed visual observa- 
tions and expected path of movement. Also, 
the value of the Kansas City forecast in lo- 
cating the area of potentially severe weather 
must be given appropriate recognition. 
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Fic. 4. Location of radar station and damage 
path through Bryan, Texas, as reported by Dr. 
A. H. Glaser. 
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An atom bomb burst at 
high altitude over the Ne- 
vada Test Site. 


Weather Determines Blast Prediction for 
Atom Tests 


Jack W. REED, Sandia Corporation, Albuquerque, New 


LAST waves from the first atom bombs 

tested in Nevada in 1951 broke windows 
and cracked plaster in Las Vegas, 80 miles 
away. Atmospheric conditions at the time 
of detonation were such that a lens was cre- 
ated, focusing the noise toward the city. 
Fortunately, no one was injured and the 
strongest blast wave fell several miles short 
of Las Vegas. Similar anomalous sound ef- 
fects had been observed before from gunfire 
and non-nuclear explosions but damage rarely 
resulted. After settling property damage 
claims the Atomic Energy Commission en- 
gaged Dr. E. F. Cox, Sandia Corporation 
phenomenologist, to study the problem and 
to determine ways and means of preventing 
a recurrence. 

It is known that shock waves move through 
air at speeds which are determined by the air 
temperature and are further carried by mo- 
tion of the air mass, i.e., wind. Addition 
of these two factors at different altitude levels 
in the atmosphere gives the sound velocity- 
versus-height structure. It is also known that 
shock waves moving through atmospheric 
conditions of varying temperature and winds 
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are bent by refraction just as light is bent 
by a lens system. A change in wave travel 
speed causes the direction of travel to turn 
toward the slow-speed medium. The paths of 
sound rays may therefore be computed from 
refraction theory when the sound velocity- 
versus-height pattern is known. 
Characteristically, if the sound velocity in- 
creases with altitude, segments of the blast 
wave initially moving upward may be turned 
back to the ground. This condition occurs 
near the ground during the night and early 
morning hours when surface temperatures are 
much lower than at tree-top levels. Or, 
strong, high-level winds may overcome the 
slow sound speeds due to cold temperatures 
ten or twenty thousand feet above the earth 
to turn the blast wave back to the surface. 
Often this condition results in successive 
layers of air in which sound velocity alter- 
nately decreases and increases, and true foci 
of various intensities result at distances up to 
one hundred miles from the blast. Further, 
when the blast hits the ground it may be re- 
flected quite efficiently and again and again 
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retrace its path farther and farther from the 
source. 

After study of the behavior of blast waves 
and sound rays, an electronic analogue com- 
puter was designed and built to calculate the 
paths of points on the blast wave as they 
are carried out from bomb zero through the 
atmosphere, thereby providing prediction of 
blast effects which may affect the region sur- 
rounding the Nevada Test Site. Forecast 
information on upper-air temperatures and 
winds provided by the NTS meteorologists 
is set on the dials and switches of the com- 
puter. The computer plots a graph of the 
vertical sound velocity structure, then auto- 
matically draws the “noise” picture. Sound 
ray lines returned to the ground show where 
the blast will be felt; and the concentration 
of lines allows estimate of how strong the 
blast will be and, consequently, whether dam- 
age would be expected if the blast wave hap- 
pened to be directed toward a city. This fac- 
tor along with many others is considered by 
the Test Manager’s Scientific Advisory Panel 
in deciding whether or not weather condi- 
tions will be suitable for a nuclear test ex- 
plosion. 

Strong high-altitude winds which might 
cause a damaging blast would usually carry 
radioactive fallout great distances, and most 
test delays for tower shots are due to this 
consideration. However, even if the upper 
wind directions are changing at successive 
altitudes in such a manner as to spread the 
fallout very thin and create no hazard, the 
blast problem may still be serious. Also the 





blast problem must be carefully considered 
for air bursts which cause negligible fallout. 

At altitudes of twenty to thirty miles there 
is a warm layer of air called the ozonosphere, 
which also turns portions of the blast wave 
back to the ground, usually at distances of 
80 to 150 miles. This warm layer is well 
above the region where conditions may be 
observed by weather balloons or forecast ac- 
curately by the meteorologist. To estimate 
the refracted blast due to the ozonosphere, 
surplus depth charges are exploded, near 
ground zero, one and two hours prior to each 
nuclear blast. Recording microbarographs 
which are sensitive to one-millionth of an 
atmosphere pressure change are operated at 
twelve stations surrounding NTS to detect 
sounds from the high explosives. From the 
noise recorded from these relatively small 
TNT shots it is possible by scaling to pre- 
dict the shock from a nuclear shot. With 
less sensitive range settings the microbaro- 
graphs are also operated to record the nuclear 
blast pressures. This information is studied 
by the blast predictors to gain knowledge for 
improved forecasts and to help verify or 
deny damage claims against the government. 

Also the problem of geophysical exploration 
by seismic shooting has been turned upside 
down. From the elevation angle at which 
blast waves arrive from the ozonosphere to- 
gether with the exact time of arrival recorded 
at six outlying microbarograph stations, the 
blast prediction system is used in reverse to 
obtain measurements of the temperature and 
winds in the very high atmosphere. 





MILES 


Raypac plot of sound rays travelling through the atmosphere toward Las Vegas, 29 March 1955. 
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Change 


pared to what will happen in 10,000 years). 
The reverse is true in the southern hemi- 
sphere. 

None of the orbital changes affect the total 
yearly radiation from the sun significantly. 
However, Milankovitch, the principal expo- 
nent of the theory, points out that glaciers 
will expand if summers are cool (no matter 
how warm the winters) so that they do not 
melt in summer. 

Milankovitch himself computed the orbital 
changes. (Recent recomputations by Yale 
astronomers added only small adjustments.) 
On the basis of these computations, he deter- 
mined the periods at which cool summers 
would be produced in each hemisphere. He 
found that 4 such periods existed in the last 
600,000 years. These periods he assumed to 
coincide with the 4 major advances of the 
glaciers during the last major ice age (in 
which we still find ourselves). He did not 
look into the possibility that increased ob- 
liquity might lead to increased temperature 
gradients, winds, evaporation, and therefore 
to ice ages. 

At one time the orbital theory was so 
widely accepted by geologists that they used 
it to date events in the last million years. 
However, many objections have since been 
raised, which, in my opinion, can be over- 
come, although with some difficulty. Here 
are some objections and their refutations: 

Objection 1: Effects would be different in 
the northern and southern hemispheres. Geo- 
logic evidence indicates glacial changes to be 
simultaneous around the earth. The evidence 
available during the last 80 years from cli- 
matic records also supports simultaneity. 

Answer: The theory would make ice ages 
almost simultaneous, but out-of-step by 
10,000 years. Geologic timing is not accurate 
enough to contradict this possibility. Short- 
period effects do not necessarily reflect long- 
period mechanisms. 

Objection 2: Changes of orbital elements 
have occurred not merely in the last million 
years but at about the same rate for many 
millions of years. Yet, ice ages had a long 
break preceding the last million years. 

Answer: Mountains of sufficient importance 
are needed to explain ice ages in addition to 
orbital changes. 
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Objection 3: The theory is quantitatively 
inadequate. 

Answer: It is precarious to discuss effects 
quantitatively. The investigator principally 
responsible for this argument postulated that 
oceans would be affected less by changes in 
radiation than land. This is true, however, 
only when radiation fluctuates rapidly, with 
periods of a day or year. The ocean takes 
longer to absorb the radiation, but eventually 
will heat or cool as much as the land. With 
this correction, the theory appears quantita- 
tively adequate. 

Objection 4: Glaciers in equatorial regions 
also expand. The orbital theory produces no 
effect there. 

Answer: The advance of glaciers in one 
hemisphere increases the reflecting power of 
the earth. This reduces the radiation gener- 
ally, and cools the air. The air over the equa- 
tor is mixed with the air over the rest of the 
earth by the circulation, so that equatorial 
regions also will experience cooling. 

Objection 5: The time scale postulated by 
the theory of orbital changes is too short by 
geologic evidence. 

Answer: Geologic dating is not sufficiently 
accurate. 


SUMMARY 


It appears that many of the theories de- 
scribed can account for climatic changes. 
The theory of solar activity plus mountain 
building is the most popular in this country. 
I, personally, prefer the theory of climatic 
changes based on the earth’s orbital changes 
plus mountain building, since the orbital 
changes must have taken place, whereas the 
long period variation of solar changes is still 
a matter of conjecture. 

Even if solar variations or other processes 
can be shown to be the primary cause of cli- 
matic change, the variations of the earth’s 
orbital elements should produce important 
modifications. 


Dr. Panofsky’s article, which originally ap- 
peared in the Mineral Industries Bulletin of 
The Pennsylvania State University, is in- 
tended to serve as an introductory survey of 
this fascinating field. Other articles on par- 
ticular aspects of climate change will appear 
in forthcoming issues of Weatherwise. 


December, 1956 











This is the fourth of a series of six 
articles which will appear in forthcom- 
ing issues of Weatherwise. Each article 
will discuss the prevailing tracks of 
highs and lows for the two months 
following the publication month. 


JANUARY CYCLONES 


The tracks for January will be described in greater 
detail than those for the other months of the year 
because there is generally greatest interest in this 
month. 


OST Pacific cyclones originate on the 

polar front over the relatively warm 
coastal waters off the east coast of Asia. 
These storms generally move northeastward 
along two primary paths into a center of 
maximum cyclone frequency at the seat of 
the normal Aleutian Low. From here a few 
lows migrate through the Bering Sea into the 
Arctic Ocean, but the majority move south 
of the Aleutian chain into the Gulf of Alaska. 
Also converging into this area are numerous 
cyclones which form in either the mid-Pacific 
or just south of the Gulf. Many lows stag- 
nate and fill in the Gulf of Alaska because of 
the mountain barrier to the north and east. 
However, some pass southeastward along the 
Alaskan coast to a center of maximum cy- 
clone frequency near Vancouver Island, which 
is also the terminus of many storms originat- 
ing in the eastern Pacific. 

Most North American cyclones develop in 
Alberta when fronts and troughs from the 
Pacific produce closed sea level lows on the 
lee (eastern) slopes of the Rocky Mountains 
along the quasi-stationary Arctic front. The 
primary storm track from southern Alberta 
east-southeastward to a center of maximum 
frequency in the Upper Great Lakes region is 
one of the most frequent and best defined in 
the Northern Hemisphere. Here the route of 
these well known Alberta lows is joined by 


December, 1956 


“Prevailing Tracks 
of Lows and Highs” 


WILuiAM H. KLeIn, 
Extended Forecast Section, 
U. S. Weather Bureau, 
Washington, D. C. 


tracks from several parts of the United States. 
Most prominent are the so-called Colorado 
lows (which may form in the Great Basin, 
Northern Rockies, or Central Plains, as well 
as Colorado proper), which move northeast- 
ward across the central United States. Cy- 
clones developing in Texas or the Ohio Valley 
also find their way into the center of maxi- 
mum frequency in the Great Lakes. From 
here most of the storms move northeastward 
along a well defined primary track through 
the St. Lawrence Valley into a center of maxi- 
mum frequency near Newfoundland. Many 
of the lows contributing to this center travel 
up the east cost of the United States, where 
the thermal contrast between land and water 
favors cyclogenesis along the Atlantic polar 
front. Some of these cyclones originate over 
the warm waters of the western Gulf of 
Mexico and pass northeastward across the 
Gulf States before intensifying near Hatteras. 

In the Atlantic a characteristic Y-shaped 
track appears, as most of the Newfoundland 
lows migrate toward southern Greenland. 
Here the high ice-covered plateau shunts the 
storms northwestward up the west coast or 
northeastward along the east coast. The Ice- 
landic area is approached by another primary 
track, composed of some Newfoundland lows 
but mostly of cyclones developing near the 
Gulf Stream south or east of Newfoundland. 
Breakoffs from the semipermanent Icelandic 
Low usually move northeastward, along sev- 
eral different routes, to a pronounced center 
of maximum cyclone frequency at the west- 
ern edge of the Barents Sea. 
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Most European cyclones move in a gener- 
ally zonal direction along one of three pre- 
ferred paths. There are primary tracks along 
the northern and southern borders of the con- 
tinent and a third track, of lesser frequency, 
across the North and Baltic Seas. The north- 
ern track extends eastward through the Ba- 
rents and Kara Seas and then along latitude 
75°N with steadily diminishing frequency, be- 
coming of only secondary importance east of 
140°E. Although a few storms enter the 
southern track from the English Channel, the 
overwhelming majority form south of the 
Alps near the relatively warm waters of the 


Gulf of Genoa or Adriatic Sea. In fact there 
are more cases of cyclogenesis around north- 
ern Italy than in any other equal area of the 
Northern Hemisphere during January. Most 
of the Mediterranean cyclones travel along a 
well defined track into a center of maximum 
frequency near Cyprus, where a mean low 


appears on the normal map. Some of the 
Mediterranean lows pass northeastward across 
the Aegean and Black Sea, and a few go 
farther east into the Caspian Sea or Sea of 
Aral. Some of these storms migrate north- 
eastward across Russia and may join the pri- 
mary track in northern Siberia. It is rare, 


Principal tracks of cyclones and anticyclones at sea level. The prevailing direction of motion of 
systems is indicated by the arrows. Heavy solid lines denote primary tracks—those which are 
most frequent and generally indicated by various data sources; thin dashed lines denote secondary, 
less frequent, and less well defined tracks. All arrow heads end in areas where cyclone frequency 


is a local maximum 


Here the tracks may cross, branch, and merge, although not specifically so 


drawn. Locally preferred regions of genesis are indicated where secondary or primary tracks begin, 

whether in centers of maximum cyclone frequency or elsewhere. An area of frequent genesis is 

also indicated when a single secondary track changes to a single primary track or when two second- 
ary tracks merge to form a primary track, with a break between dashed and solid lines 
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however, for a cyclone to completely traverse 
Siberia at sea level in January because of the 
dominance of the cold monsoon high. 
JANUARY ANTICYCLONES 

Most polar highs form in Alaska or north- 
west Canada, where anticyclones frequency is 
higher in January than in any other month. 
From here most of these highs travel south- 
eastward along a well defined primary track 
into a center of maximum anticyclone fre- 
quency in the Dakotas. They then usually 
take a cyclonically curved trajectory through 
the Missouri and Ohio Valleys and contribute 
to a center of maximum frequency in the 
Middle Atlantic States. However, a few 


polar anticyclones penetrate farther south- 
ward into Texas, where their arrival is often 
preceded by the notorious “northers.” Here 
their path merges with that of highs originat- 
ing in the Great Basin, where the frequency 
of both anticyclones and anticyclogenesis is 
higher than anywhere else in the Northern 


Hemisphere. These Basin highs frequently 
lose their identity upon crossing the Rocky 
Mountains, only to redevelop farther east in 
one of the southern states. 

After leaving Texas most highs recurve 
sharply northeastward, tending to avoid the 
warm waters of the Gulf of Mexico. A simi- 
lar effect is even more striking in the Great 
Lakes region, where heating over the water 
provides a local source of cyclonic vorticity. 
As a result, a distinct minimum of anticyclone 
frequency is present over the Great Lakes 
during all the cold season months from No- 
vember through March. Those polar anti- 
cyclones which do not go south of the Lakes 
usually pass north of the area, over the cold 
land between the Lakes and James Bay. 
They are often referred to as “glancing 
highs,” which slip across southern Canada 
and northern New England when strong 
westerlies prevent them from plunging south- 
ward. 

A double track is also found in the Atlantic, 
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where a center of minimum anticyclone fre- 
quency occurs every month from December 
through April off the coast between Hatteras 
and Nantucket. Most American anticyclones 
pass south of this minimum and then across 
the Atlantic between 30° and 35°N; but the 
glancing highs usually keep to its north, tra- 
versing the Atlantic between 40° and 45°N. 
The two tracks merge near the area where 
the quasi-permanent Azores High cell is found 
on normal maps. Most break-offs from the 
Azores High enter western Europe and con- 
tribute to a primary track around 50°N 
which is reenforced by anticyclogenesis in 
several parts of Europe. However, a few 
Azores offshoots find their way into Spain 
and Algeria, where frequent anticyclogenesis 
is responsible for a primary track in North 
Africa around 30°N. A double anticyclone 
track of this sort, corresponding to a nor- 
mally split jet stream aloft, is characteristic 
of the Mediterranean-European area nearly 
every month of the year, and is particularly 
well marked during the cold season. 


In Asia the primary anticyclone track is an 
extension of the main European one around 
50°N. Near Lake Baikal this track splits 
into two branches, not only during January 
but also during most of the year. One branch 
extends northeastward across Siberia into 
Alaska where it merges with the main North 
American track. The other branch passes 
southeastward through Mongolia and China 
and then stretches across the Pacific between 
30° and 35°N. A characteristic feature of 
this track is its anticyclonic curvature in the 
vicinity of Japan. A similar effect is notice- 
able when anticyclones cross other mountain- 
ous areas, such as the Great Basin and the 
Appalachians. 


FEBRUARY CYCLONES 


In February the westerlies at low latitudes 
are normally stronger than during any other 
month of the year. This may be related to 
the following singular features of the storm 
tracks: 
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1. A center of maximum cyclone frequency 
appears in the Gulf of Mexico, where 
there are more storms in February than 
any other month of the year. 

2. Cyclogenesis off the east coast of Florida 
is more frequent and farther south than 
in any other month. 

3. A secondary storm track originates west 
of Portugal and enters the southern 
Mediterranean through Gibralter. 

4. The primary track of Mediterranean cy- 
clones is farther south in February than 
in any other month. 

. The frequency of tropical cyclones is a 
minimum in most sectors of the North- 
ern Hemisphere. 


wn 


The strength of the westerlies at low lati- 
tudes in February may be associated with 
several additional features of the February 
storm tracks which differentiate them from 
the January tracks, even though they are also 
exhibited by one or two later months. These 
include: the presence of a secondary storm 
track from the eastern Pacific across northern 


California into Nevada; higher cyclone fre- 
quency in the Great Basin and Great Plains 
of the United States than in the Alberta re- 
gion of Canada; and higher frequency of cy- 
clogenesis in portions of the United States 
(East Coast and Great Basin) than in any 
other equal area of the hemisphere. 
FEBRUARY ANTICYCLONES 

The principal anticyclone tracks for Feb- 
ruary closely resemble those for January in 
all parts of the Northern Hemisphere. How- 
ever, some southward displacement is evident 
at low latitudes in the Pacific and Atlantic, 
where the primary anticyclone tracks are 
farther south (as far as 28° and 30°N, re- 
spectively) in February than in any other 
month. Anticyclone frequency decreases 
somewhat in Spain, the Yukon, northern New 
England, the Great Basin, the Ozarks, Mon- 
golia, and central Europe. On the other 
hand, increased frequency is evident in Egypt, 
Finland, Ontario, and the District of Mac- 
Kenzie. Elsewhere little change from Janu- 
ary to February is apparent. 
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Drought, Then Some Relief 


Once again drought returned to dominate the 
weather news in the early autumn of 1956. In the 
last issue of Weatherwatch a somewhat rosy view 
of the agricultural situation in most sections of the 
country was taken as August drew to a close. It 
was pointed out that a drought condition persisted 
in the Middle Plains and in the west Texas area 
The continued westward movement of the sub-tropi- 
cal anticyclone during late August and September, 
however, shut off all sources of moisture from the 
vast interior of the continent, and the threatening 
drought conditions of mid-summer became a reality 
in the early fall 

Over a vast Y-shaped area from Texas northeast- 
ward to Ohio and northwestward to Wyoming no 
precipitation fell during the entire month of Sep- 
tember. It was not until two weeks of October had 
passed before general rains fell over the core of the 
parched area in the central Great Plains. A recent 
study by Wayne C. Palmer, published in the Weekly 
Weather and Crop Bulletin, has pointed out that the 
present drought in Kansas is among the three most 
severe since records have been maintained The 
other periods were during 1892-94 and during 1932- 
39. The current drought period commenced in 
March 1954, although there had been intermittent 
drought since November 1949 with the exception of 
the very wet year of 1951. 


SEPTEMBER CIRCULATION—The key to 
the nation’s summer weather pattern can be studied 
most readily by the position of the large semi-tropi- 
cal anticyclone which usually covers some portion 
of the southern United States at this time of the 
year. The North American cell is a part of a vast 
globe-girdling ridge of high pressure. In 1956 the 
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Pacific cell was very strong and north of its nor- 
mal position, and it seemed to act like a magnet to 
attract the North American cell westward from its 
parent, the Azores high. In late June and July a 
center of high pressure was found over the states 
bordering the eastern Gulf Coast where the subsiding 
air currents within the cell gave Florida and much of 
the Southeast a very dry period. 

In August the center on the mean upper-air map 


moved westward, centering over Louisiana with a 
ridge extending further westward to the Pacific 
Coast. By September the core had continued to 


migrate to western Texas, and in early October the 
highest pressure aloft was usually found over New 
Mexico—Arizona. This set up a western ridge—eastern 
trough situation. The influence of the western ridge 
soon extended the drought area of the Middle Plains 
to all adjoining regions. Since the circulation around 
the vast anticyclonic cell was from the interior of 
the continent, air masses and moisture from the Gulf 
of Mexico were unable to penetrate into the Missis- 
sippi-Missouri-Ohio drainage system. Thus, the in- 
cipient drought situation, which existed during the 
summer, became a reality as September and early 
October brought little or no precipitation to an area 
where moisture in the fall months is essential for 
planting winter grains crops. 

Trough conditions with cold air flowing in from 
the northwest continued to dominate the eastern 
United States. Most of the Great Lakes area and 
the Northeast had passed through a very cool sum- 
mer in marked contrast to those of the earlier 1950s 
In tune with the westward displacement of the pres- 
sure systems in September, the mean western At- 
lantic trough was now found inland rather closely 
following the crest of the Appalachian Mountains 
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from Lake Ontario to west Florida and the eastern 
Gulf. 

Cold air penetrated deep into the South as dis- 
turbances formed in the lower end of the trough in 
the Gulf of Mexico and moved northeastward in the 
congenial climate of the trough. From Georgia 
northward it was a very cold September—in the 
Carolinas departures from normal were as much as 
ten degrees. At Albany, New York, it was the cold- 
est September in 120 years; Scranton and Buffalo 
had their earliest snows on record. At Sault Ste. 
Marie, Michigan, a snow storm of 2.7 inches was 
the greatest ever measured in September. Extremely 
cold conditions over the Canadian Arctic persisted 
most of the month, and the trough over the eastern 
United States brought the polar air masses south- 
ward to create the remarkable anomalies observed. 


HURRICANE FLOSSY—A definite cyclonic 
circulation was spotted near the Yucatan Peninsula 
on the morning of 21 September. As it moved 
northward, it expanded its area rapidly but did not 
reach hurricane intensity until the 23rd when it was 
about 125 miles south of the Louisiana coast. Upon 
reaching maturity, Flossy turned sharply east-north- 
eastward and crossed the lower Mississippi delta on 
the 24th with winds estimated at 100 mph. The 
next landfall was east of Pensacola, Florida, where 
winds over the land were 64 mph. with gusts to 88 
mph. As the center crossed the Florida panhandle 
on a northeastward course, cold air entered the cir- 
culation and the storm soon lost its tropical charac- 
teristics—the center became rather indefinite, but a 
squally area persisted over the eastern Carolinas 
through 28 September. 

Flossy was the only hurricane to penetrate the 
United States coastline in 1956. Although not a 
severe storm, it caused $12 million damage, accord- 
ing to preliminary reports, and 16 deaths were at- 
tributed to storm conditions. The main damage 
came from flooding at high tide along the Gulf coast 
from New Orleans to Florida. But Flossy was not all 
an ill wind. Torrential rains accompanying the storm 
dropped 8 to 10 inches of rain over an area that was 
accumulating a serious moisture deficit. The drought 
in west Florida, Georgia, and the Carolinas was defi- 
nitely broken. 


OCTOBER CIRCULATION—tThe weather ele- 
ments were in a period of change during October. 
The transformation of the weather map can best be 
demonstrated from a comparison of the sea level 


mean pressure maps for September and October. 
During the former month the map was almost nor- 
mal with pressure departures everywhere less than 
one millibar plus or minus. A glance at the October 
chart shows a radical change. All of northeastern 
United States and southeastern Canada were much 
above normal: in Maine the departure was 9 milli- 
bars or 0.30 inches above normal as a strong ridge 
settled over the area in last two weeks of the month. 
At the same time a trough took form over the West- 
ern States and minus departures in Montana were 5 
millibars or 0.16 inches. This radical change indi- 
cated a blocking regime in eastern United States, 
and the blocking type is one that always produces 
interesting weather events. 

On the upper-air maps the same features appeared. 
The pressure contours trended northeastward from a 
mean trough over California to a ridge crested in 
New England and Quebec. The western trough de- 
veloped as the month progressed and spawned a 
series of cyclones which brought an early winter to 
the Plateau and Rocky Mountain area. The Dakotas 
and Montana became an area of active cyclogenesis 
with all storm tracks trending immediately north- 
eastward to Hudson Bay, so strong was the block- 
ing influence of the anticyclone over the Northeast. 
During all of October not one cyclone moved across 
the Great Lakes, the Middle Atlantic States, or New 
England. 

In the Gulf area a remnant of the September 
trough lingered and generated three low pressure 
areas, but none of these was able to penetrate into 
the Northeast. One reached as far north as the Vir- 
ginia coast and then headed eastward. 

The most important economic aspect of the Oc- 
tober pressure changes was the weakening and even- 
tually southeastward movement of the strong semi- 
tropical anticyclone which held forth over the South- 
west in September and early October. As cyclonic 
activity increased over California and then over the 
Plateau, the center of the ridge moved rapidly south- 
eastward to eastern Mexico; after the 15th it ceased 
to be a dominant feature of the weather map. The 
removal of the anticyclone from the scene permitted 
the eastward-moving trough across the Plateau and 
the Plains to draw moist air northward from the 
Gulf of Mexico for the first time in many weeks. 
On the 13—15th copious rains fell over the hardest 
hit of the drought areas from central Texas north- 
ward. Again on the 18-20th, and the 29-30th, the 
flow pattern permitted vast amounts of Gulf mois- 
ture to pour down on the parched plains. 
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Departure of Mean Temperature from Normal 
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Total Precapstanon, Inches, October 1956 
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FLORIDA RAIN STORM —While the North- 
east and Middle West were basking in a period of 
mid-October Indian Summer weather, the peninsula 
of Florida was receiving an entirely different treat- 
ment from the same weather system that brought 
the delightful autumn interlude to the North. The 
strong high pressure system, which lingered over the 
Northeast for several days, produced strong nerth- 
east winds along the South Atlantic Coast and 
pushed a steady flow of cool, polar maritime air 
deep into the tropics. There it was instrumental in 
producing a low pressure center near Cuba on the 
14th. Soon a canopy of rain spread northward over 
Florida. 

By 0130 on the 15th the center was in the Florida 
Strait along the 80th meridian, and another 24 hours 
brought it very close to the East Coast of Florida 
near Palm Beach. Gale force winds with peak speeds 
up to 55 mph. swept most of the southern and cen- 
tral parts of the state. Though the winds did not 
reach actual hurricane force, extensive damage from 
high tides was reported to exposed beach installa- 
tions. 

Much more important to the state as a whole were 
the torrential rains that splashed northward as the 
center progressed parallel to the coast just offshore. 
Rainfall amounts varied from about 3 inches to the 
south of Lake Okeechobee to about 20 inches in the 
Kissimmee area in the central Florida citrus district. 
Many central Florida towns were flooded with water 
two to three feet deep in downtown sections. Roads 
were blocked, bridges washed away, and considerable 
crop damage reported. Though flood losses were 
high, surveys indicated that any current losses would 
be greatly offset by the long-range benefits from the 
replenishment of ground water supplies which had 
been getting critically low during the long dry spell 
when the semi-tropical anticyclone held the area in 
its grip during July-August-September. The heavy 
rain strip was about 50 miles in width, extending 
from Lake Okeechobee northward to Georgia. 


AN EARLY WINTER IN THE WEST— 
Winter made an early appearance over most of the 
Western States during the final week of October 
The deep trough which developed over the Pacific 
States during October enticed a series of lows south- 
eastward from the Aleutian low. On the 23rd a 
fairly weak trough crossed the coastline and moved 
rapidly into the interior. The following air mass 
was cold and moist, and the first snows of the sea- 
son fell over the Cascades of Washington and Oregon 

Once the cold front moved into the Plateau, it 
separated two distinct air masses and development 
was rapid. An elongated center took form with cen- 
tral pressure dropping to the vicinity of 29.25 inches 
At the same time a massive high with central pres- 
sure near 30.75 inches built up over the Hudson Bay 
region of Canada. This situation permitted the 
transport of both Pacific air eastward behind the 
front, and the pumping of Gulf air northward ahead 
of the front, with the result that the first general 
precipitation in several months broke out over the 
Plateau and Great Basin areas, totaling from one- 
half to one inch. Much of the moisture fell as 
snow, particularly in the mountain ranges. Depths 
had accumulated early in the Cascades to 20 to 28 
inches at the 5,000-foot level. In Utah the total fall 
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during the storm was 19 inches at Alta, the ski re- 
sort, and 24 inches near Toole. Snow also fell in 
Colorado, Wyoming, northwest Kansas, and up to 
6 inches in the Black Hills of South Dakota. Near- 
zero temperatures followed in the cold air flow be- 
hind the active storm center as it crossed the crest 
of the Rocky Mountains. 

East of the Rockies the strong pressure gradients 
set up gale force winds over the dry farm lands of 
the western Plains. Severe dust storms resulted, 
causing some damage to the growth of small grains. 
Despite these losses, beneficial rains fell during the 
storm from the Dakotas southward to central Kan- 
sas as the center moved eastward. Bucking the 
Quebec high slowed the progress of the front in the 
central Mississippi Valley; that area and eastward 
to the Appalachians received relief from the drought 
so that fall crops could germinate before cold 
weather set in. The eastward progress of the front 
was very slow to upset many eastern forecasts 
This front, and others that followed, extended al- 
most directly north and south and disappeared upon 
reaching the Appalachians, so strong was the influ- 
ence of the Canadian high. 

This first winter storm in the West was soon fol- 
lowed by another on the 27-29th with a further 
spread of moisture over the grain areas of the Mid- 
dle West. Another low crossed the Pacific Coast 
into the Northwest on the 29th, drawing very cold 
air that lay over the Canadian Northwest into the 
Rocky Mountain area. Heavy snowfall developed 
with blizzard conditions stopping traffic and _busi- 
ness in Colorado, Wyoming, Nebraska, and Kansas. 
Up to 40 inches of new snow was reported in the 
press, and the mercury plunged to — 24° F. at West 
Yellowstone, Montana, a traditional cold spot. The 
wintry conditions continued into November to re- 
mind residents of the last extended period of bliz- 
zard-like weather which occurred in 1949. 





WANTED 
WEATHER FILM 


Motion picture film scenes in 16mm 
or 35mm (preferably color) needed of 
weather phenomena—hurricanes, tor- 
nadoes, thunderstorms, etc. Will pur- 
chase right to duplicate for inclusion 
in scientific weather film. 


Send information to: 


Film Research 
Frank Capra Productions, Inc. 
9100 Sunset Boulevard 
Los Angeles 46, California 
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Extremes (Continued from page 194) 


able rain) from 3 October 1912 to 8 Novem- 
ber 1914, inclusive, 767 days. 


SNow 


The heaviest snowfall is generally attrib- 
uted to the Cascade and Sierra Nevada 
Mountains in the western United States. 
Only a few official stations with long records 
of snowfall data in that area exist, and there 
is little doubt that greater records than those 
listed have occurred. 


United States snowfall: 

Greatest average annual—575.1 inches, 
Paradise Ranger Station, Rainier Park, Wash- 
ington. 

Greatest amount in one season—1000.3 
inches, Paradise Ranger Station, Washington, 
1955-56. 

Greatest amount in a calendar month—390 
inches, Tamarack, California, January 1911. 





Suez (Continued from cover 2) 


along the Egyptian north coast, account for 
almost all of the precipitation and cloudiness 
in the entire country. Early morning stratus 
forming along the immediate coastline is the 
only exception. Frontal activity is frequent 
from late November through early May. 
Modified polar maritime air replaces tropical 
continental air as a result of the passage of 
fronts, but soon loses its characteristics after 
moving inland. On rare occasions, polar 
continental air descends from the land masses 
of Europe and influences the weather of this 
region, resulting in very low temperatures. 

The eastward movement of a low and as- 
sociated cold front from the Atlas Mountains 
of Algeria across Libya and into Egypt may 
cause sandstorms which are accompanied by 
extremely hot temperatures. Secondary low- 
pressure centers developing near Cyprus have 
resulted in winds of gale force along the 
northern end of the Suez Canal when the 
trajectory is toward that region. 

Two meteorological phenomena character- 
istic of desert regions are the khamsin and 
the sandstorm. They are related but have 
different origins and characteristics. 

Khamsin is a name given to a hot, very 
dry, sand-laden wind blowing from the south- 
ern quadrant. The maximum frequency and 
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Greatest in 24 hours—76 inches, Silver 
Lake, Colorado, 14-15 April 1921, a value 
prorated from a measured fall of 87 inches in 
271. hours. This storm also produced the 
highest known rates of snowfall in the United 
States for durations up to three days. 
Amounts measured were 95 inches for 48 
hours on 13-15 April, and 98 inches for 72 
hours on 12-15 April. The greatest 4-day 
fall, measured near Tahoe, California, on 12— 
15 January 1952, was 108 inches. The 
Southern Pacific streamliner “City of San 
Francisco” was trapped for about four days 
near Donner Summit by this storm. Also 
during this storm the California State High- 
way Department unofficially measured as 
much as 84 inches of new snow in 24 hours. 

The greatest depth on the ground—prob- 
ably 454 inches measured at Tamarack, 
Calif., 9 March 1911. 

In Alaska the greatest snowfall ever meas- 
ured for a calendar month was 204.2 inches 
at Thompson Pass in November 1952. 





intensity occur in late winter and early spring, 
although they are reported from September 
through June. This type of sandstorm is pro- 
duced by a low-pressure disturbance passing 
through the eastern Mediterranean. The in- 
tensity of the khamsin is directly related to 
the intensity of the low. During the early 
part of the season the storms pass rapidly 
across the northern coastline. As the season 
matures, the systems move slower and their 
trajectories are farther south which results in 
longer and more intense sandstorm activity. 
At the height of the season these storms may 
last as long as 10 days. 

The life cycle of the khamsin is well de- 
fined. The approach of a low-pressure cell 
gives rise to easterly winds with clear skies. 
With time, the wind veers to a southerly di- 
rection, increases in force, and picks up dust 
and sand which reduce visibilities materially. 
This southerly flow of air brings in the hot, 
dry air from the southern desert and causes 
temperatures to rise to as high as 110° F. 
and relative humidities to drop to as low as 
10%. With the passage of the low and front, 
the wind changes abruptly from the south to 
the northwest and a sudden fall in tempera- 
ture results. The blowing sand does not 
abate until the wind dies down. 
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MEAN CLovp ConpiT10Nn (No. or Days 


December | January February 
Port Said | 
Clear | 14 9 13 
Partly cloudy 15 20 13 
Cloudy 2 2 2 
Suez 
Clear 12 12 7 
Partly cloudy 15 15 20 
Cloudy 4 1 
MEAN PRECIPITATION (INCHES 
December January February 
Port Said 0.6 0.7 0.5 
Suez 0.2 0.1 0.1 
The so-called “sandstorm” is of much 


shorter duration and may occur at any time 
of the year. It is caused by a combination of 
unstable air and tightening of the pressure 
gradient. It is usually a midday affair, start- 
ing by noon and ending about dark. 

Winter is the season when cloudiness and 
precipitation reach their maximum in the Suez 
area as a result of the migratory cyclones and 
their associated fronts. Most of the scarce 
thunderstorm activity is associated with these 
systems. Heavy hail has been reported in 
thunderstorms. The aircraft operational haz- 
ards of turbulence and icing are largely con- 
fined to flights through these storms.  Cir- 
cum-navigation is possible in most cases. The 





following data give the mean cloud and pre- 
cipitation conditions for the winter months. 

Temperatures average a few degrees lower 
in the coastal regions than in the desert. 
Freezing temperatures are rare along the Suez 


Canal. Relative humidities are moderate 
during the winter as a result of the increased 
precipitation and the influence of the Medi- 
terranean and Red Sea. The following data 
give the mean maximum and minimum and 
extreme maximum and minimum _ tempera- 
tures and the mean relative humidity for the 


winter months. 


TEMPERATURE (F.) 


i 
December | January } February 
Port Said 
Mean max. 69 66 68 
Mean min. 55 51 | 52 
Extreme max. 86 84 | 92 
Extreme min. 32 37 — | 36 
- 
Suez | 
Mean max. 7 68 | 70 
Mean min. 51 49 50 
Extreme max. 86 79 | 87 
Extreme min. 38 35 37 
MEAN RELATIVE Humipity (%) 
December January February 
Port Said 76 76 75 
Suez 68 68 66 





UNUSUAL OPPORTUNITIES WITH SUBSTANTIAL COMPANY FOR 
FOREIGN BASED EMPLOYMENT 


RAWINSONDE OPERATORS 


Two years actual experience operating Rawinsonde equipment desired; applicants of lesser 


experience will be considered. 


obtained ; also required to take Surface Weather Observations. 
of Bahamas, Caribbean, and South Atlantic include food, lodging, and overseas bonus. 


Familiar all phases of operation, working up and coding data 


Positions in sub-tropical islands 
Paid 


home leave time, vacation, sick leave; plus retirement and group insurance plans provided. 


Reduced fare air travel world-wide 


Send resume of experience to: 


Employment Superintendent, Pan American World Airways, Inc. 
Guided Missiles Range Division, Patrick Air Force Base, Florida 
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New Weather Bureau Instruments 











The Observers Wind System represents a new development in low- 
cost wind instruments. It was engineered to meet a new Weather 
Bureau requirement for a versatile system that would give accurate 
performance over a long period of service. It incorporates features 
hitherto found only in expensive instruments. Its low starting speed 
of 1 mph. makes it useful in smog investigations, and its accuracy of 
2 mph. at high speeds recommends it for hurricane studies. 

The Wind Speed Detector employs an induction device which is 
motivated by a small 3-cup rotor, 63’’ diameter and wt. | oz. The 
generator employs no brushes, thus eliminating troublesome friction 
and wear inherent in their use. The current registers on a meter 
graduated from 0 to 100 mph. The wind speed system requires no 
outside power source. 


The Wind Direction Detector employs a vane 15” in 


length to turn a unique contacting device with 8 points " 

for 360° of rotation. The indicator displays a circle of 8 “ 
lights—one light for each cardinal and intercardinal point io 7 9 oe 
of the compass. When two contacts are closed, indication 

to 16 points of the compass is possible. ney 

The Wind Speed and Direction Indicator measures 8” we 


x 8” x 5” deep and weighs 5 lbs. without batteries. The 

entire system operates on either a 3-volt battery supply or iJ 

directly from 115 v., 60 cy. house current. A switch on ee oi 
the face of the indicator permits instant change of power —— a 


source. Indicator houses two large 1} volt dry cells. 


No. 420 Observers Wind System includes Wind Speed Detector, Wind Direction, Wind 
Speed and Direction Indicator, and 50’ of electric cable. Shipping weight 15 lbs. $135.00 


* The Psychron is a new product that was de- 
signed and engineered to meet rigid Weather 
Bureau specifications. The Psychron requires 
no whirling or special technique to obtain an 
accurate reading. At the mere flick of a switch, 
a steady precise aspiration rate is obtained, 
eliminating the danger of expensive thermom- 
eter breakage and human error inherent in 
other types. Furthermore, the Psychron has 
a built-in illumination system for use in the 
dark, and a special thermal shield to avoid 
radiation effects of sunlight. 

The Psychron consists of a pair of closely-matched wet and 
dry bulb thermometers and a tiny electric fan powered by three 
standard size D flashlight batteries. Shielding from the harmful 
effects of external heat radiation is provided by the removable air in- 
take through which the air is drawn at a rate of more than 15 feet per 
second. Psychron thermometers are graduated from +10° to + 100° F. 
for a range of 10 to 100 per cent relative humidity. 

No. 206 Psychron includes a metal carrying case, a nylon neck strap for easy carrying, 
a psychrometric slide rule for quick calculations, a 1 0z. water bottle, wicks, and in- 
struction book. Batteries not included. $68.50 
194 Nassau St. 
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BENDIX-FRIEZ 
WEATHER INSTRUMENTS 


FOR 
AMATEUR AND PROFESSIONAL USE 





ANEROID BAROMETER 


Here’s high accuracy at a low cost. Has 
sensitive aneroid element. Temperature 
compensated from 27.5” to 31.5”. Scaled 
in inches and millibars. Gold aligning 
pointer for back reference. Available in 
attractive brass or chrome case. 512” dia. 
Use indoors or out. 


PSYCHROMETER Model HA/2 


This Hand Aspirated Psychrometer gives 
quick, accurate readings. Compact. No 
whirling. Has two identical 5” red reading 
mercurial thermometers with cylindrical 
bulbs. Graduated from 10°F. to 110°F. 
One degree spacing. Widely used by 
meteorologists. 


HYGRODIAL Model 187 


Gives automatic readings of humidity and 
temperature. Manufactured and calibrated 
to professional standards. In handsome 
plastic case. For desk or wall mounting. 


“POCKET” SLING PSYCHROMETER 
Model S/1 
No weather kit is complete without this 
“Pocket” Sling Psychrometer. Portable. 
Versatile. In durable, leather-covered alu- 
minum case. Complete with convenient 
Psychrometric Slide Rule. 


Write today for information and prices. 
Your inquiry will receive prompt attention. 


end” “Fries 


FRIEZ INSTRUMENT DIVISION—BENDIX AVIATION CORPORATION 
1412 TAYLOR AVENUE — BALTIMORE 4, MARYLAND 


* Reg. U. S. Pat. Off. 


Export Sales and Service: Bendix International Division, 205 E. 42nd Street, New York 17, N. Y., U.S.A. 








